We report the synthesis and characterisation of a novel series of triazole benzenesulfonamide derivatives, which incorporate the general pharmacophore associated with carbonic anhydrase (CA, EC 4.2.1.1) inhibitors. The synthesised compounds were tested in vitro against four human carbonic anhydrase (hCA, EC 4.2.1.1) isozymes, hCA I, hCA II, hCA IV and hCA IX. The obtained results showed that the tumour-associated hCA IX was the most sensitive to inhibition with the synthesised derivatives, with the triazolo-pyridine benzenesulfonamides 14, 16 and 17 being the most effective inhibitors. Some selected compounds were chosen for a single dose anti-proliferative activity testing against a panel of 57 human tumour cell lines and show some anti-proliferative activity ex vivo.
Introduction
Carbonic anhydrases (CA, EC 4.2.1.1) are a large family of zinc-containing metallo-enzymes that catalyse the reversible hydration of carbon dioxide to hydrogen carbonate and H þ1,2 . In humans (h), 15 CA isoforms are known differing in tissue expression patterns, kinetic properties and subcellular localisation 3 . Their physiological roles are typically associated with acid-base homeostasis and the transport of CO 2 and hydrogen carbonate. Human (h) isoform hCA IX is a transmembrane protein with an extracellular active site, and is poorly expressed in healthy tissues (as GIT, bile duct and gall bladder), being instead over-expressed in many solid tumours as a result of hypoxia 4, 5 . The function of hCA IX in tumour cell is to maintain acid-base homeostasis under hypoxic conditions and to facilitate the diffusion of H þ through the entire solid tumour leading to low extracellular pH that produces matrix breakdown, invasion, immune suppression and multi-drug resistance leading to more tumour aggression and resistance 6, 7 . These findings led to great interest for new therapeutics targeting hCA IX. Inhibition of hCA IX with small molecules has emerged as a novel anticancer strategy [8] [9] [10] . The most important and widely studied class of CA inhibitors are the aromatic sulfonamides which are capable to coordinate the catalytic Zn 2þ from the enzyme active site, thus blocking the catalytic process [11] [12] [13] [14] [15] [16] . Moreover, several 1,2,3-triazole containing compounds have proved considerable biological activities including antibacterial, antifungal and anticancer activities [17] [18] [19] [20] [21] [22] . In view of these facts, and in continuation of an ongoing project aiming to develop new biologically active sulfonamide derivatives [23] [24] [25] [26] [27] [28] [29] [30] , we report herein a new set of triazolebenzenesulfonamides designed in agreement with the general pharmacophoric requirements for hCA IX inhibition: an aromatic sulfonamide moiety is used as base unit for the synthesis of the target compounds since necessary to coordinate with the Zn atom and bind to pivotal amino-acids in the active site pocket. An 1,2,3-triazole ring is appended at the aromatic scaffold and used as hydrophilic linker to incorporate several substitution patterns planned to increase the hydrophobic interactions within the active site cavity (Figure 1) . The synthesised compounds were tested for their inhibitory activity assay against four CA isoforms (hCA I, hCA II, hCA IV and hCA IX). Moreover, they were further evaluated against a panel of 57 human cell lines at National Cancer Institute (NCI, Bethesda, MD).
values. Purity of the compounds was checked by TLC on precoated SiO 2 gel (HF254, 200 mesh) aluminium plates (Merk, Darmstadt, Germany). A developing solvent system of chloroform/ methanol (8:2) was used and the spots were visualised under UV light. IR, 1 H NMR, 13C NMR, Mass and elemental analysis were consistent with the assigned structures. Starting sulfanilamide and all reagents used were of analytical grade and were purchased from Sigma (St. Louis, MO).
Chemistry
4-(5-amino-4-cyano-1H-1,2,3-triazol-1-yl)benzenesulfonamide 3 A mixture of 2 (1 g, 0.005 mol) and malononitrile (0.33 g, 0.005 mol) was stirred in ethanol containing sodium ethoxide (0.11 g, 0.005 mol) at room temperature overnight and the precipitated solid was filtered off and crystallised from acetic acid to give 3. Yield ¼ 85%; m. 
A mixture of 3 (0.3 g, 0.001 mol) in ethylenediamine (7 ml) and carbon disulfide (7 ml) was heated under reflux for 6 h. After cooling, the reaction mixture was poured onto cold water and the formed solid was filtered off and crystallised from ethanol to give 4. ( General procedure for the synthesis of compounds 11and 10 A mixture of 3 (0.3 g, 0.001 mol) and benzene or toluene sulfonyl chloride (0.001 mol) was refluxed in pyridine for 8 h, the reaction mixture was cooled, poured onto ice water and the formed solid was filtered off and crystallised from ethanol to give 11 and 12, respectively. 22 (s, 2H, NH 2 , D 2 O exch.), 8.32, 8.36, 8.55 (3 s, 3H 
Carbonic anhydrase inhibition
An Applied Photophysics stopped-flow instrument has been used for assaying the CA-catalysed CO 2 hydration activity 31 . Phenol red (at a concentration of 0.2 mM) has been used as indicator, working at the absorbance maximum of 557 nm, with 20 mM Hepes (pH 7.5) as buffer, and 20 mM Na 2 SO 4 (for maintaining constant the ionic strength), following the initial rates of the CAcatalysed CO 2 hydration reaction for a period of 10-100 s. The CO 2 concentrations ranged from 1.7 to 17 mM for the determination of the kinetic parameters and inhibition constants. For each inhibitor at least six traces of the initial 5-10% of the reaction have been used for determining the initial velocity. The uncatalysed rates were determined in the same manner and subtracted from the total observed rates. Stock solutions of inhibitor (0.1 mM) were prepared in distilled-deionised water and dilutions up to 0.01 nM were done thereafter with the assay buffer. Inhibitor and enzyme solutions were pre-incubated together for 15 min at room temperature prior to assay, in order to allow for the formation of the E-I complex. The inhibition constants were obtained by non-linear least-squares methods using PRISM 3 and the Cheng-Prusoff equation, as reported earlier 32,33 and represent the mean from at least three different determinations. All CA isoforms were recombinant ones obtained in-house as reported earlier 34-38 .
In vitro anti-proliferative activity
Ten of the newly synthesised 1,2,3-triazolo benzenesulfonamide derivatives were selected by NCI (Bethesda, MD) for evaluating their anti-proliferative activity. The selected compounds were subjected to a primary in vitro one-dose (10 mM) anti-proliferative assay against 57 human tumour cell lines following the previously reported method 30 and their obtained growth inhibition percent (GI%) are presented in Table 2 . Table 2 . Percentage growth inhibition (GI%) of in vitro human tumour cell lines at 10 mM concentration for ten compounds. 
Panel/Cell line
Compound 3 5 7 9 1 1 1 3 1 6 1 7 1 8 2 0 Leukaemia CCRF1 - - - - - - 17.0 - - HCC-2998 - - - - - 3.3 - 3.9 - 2.2 HCT-116 7.1 5.4 5.1 1.2 2.1 2.2 4.6 3.6 - - HCT-15 - 4.1 1.7 4.3 - 1.9 1.6 1.2 - - HT29 9.4 - 4.5 0.4 5.1 - 1.2 3.3 10.8 - KM12 - 5.2 0.6 0.5 - 2.6 - 5.9 - - SW-620 5.1 - 2.8 - 2.3 0.9 - 2.7 4.3 - CNS cancer SF-268 2.8 2.5 6.5 - - - 5.4 3.9 1.5 - SF-295 - 1.8 - 0.3 - 0.7 5.7 3.1 - - SF-4 - - 2.9 - - - SK-MEL-2 - - 2.2 - - - - 2.3 - 8.2 SK-MEL-28 - - - - - - - - - 0 UACC-IGROV1 - - 0.5 - 3.3 - 16.4 12.1 - - OVCAR-3 - - - - - - - - - - OVCAR-4 4.1 - 10.2 - - - 21.6 0.8 7.9 - OVCAR-5 - 3.4 - - - - - 3.4 - - OVCAR-
Results and discussion

Chemistry
Synthesis of the series of 1,2,3-triazolo-benzensulfonamide derivatives 3-21 begins with 4-azido benzenesulfonamide 32 a which was subjected to reaction with malononitrile under stirring at room temperature to give 4-(5-amino-4-cyano-1H-1,2,3-triazol-1-yl)benzenesulfonamide 3, which represents the key intermediate to produce the target compounds 4-21. Reaction of 3 with ethylene diamine and carbon disulfide as catalyst 32 b afforded the imidazoline derivative 4 whose structure was confirmed by disappearance of the carbonotrile band in IR and the presence of the corresponding protons and carbons of imidazoline ring in NMR spectra. Substitution on the amino group of 3 proceeded successfully via simple reactions with chloroacetyl chloride, ethyl acetoacetate and phenacyl bromide affording the corresponding compounds 5-7 in good yields. The Schiff's bases 8-10 were obtained by reaction of 3 with substituted aromatic aldehydes, and in compounds 11 and 12, a new sulfonamide moiety is introduced to the amino group of 3 through reaction with benzene/toluene sulfonyl chloride (Scheme 1). In compounds 5-12 the 1 H-NMR spectra showed the disappearance of NH 2 signals and the presence of the corresponding signals for the introduced groups as listed in the experimental section.
The triazole derivative 3, bearing two active functional groups, was further cyclised by reaction with 3-ethylcyanoacetate and different 4-substituted benzylidene derivatives affording the corresponding triazolo-pyridine derivatives 13-17. On the other hand, reaction of 3 with thiourea and phenyl thiocyanate afforded the triazolo-pyrimidines 18 and 19. Similarly, the isothiocyanate derivatives reacted with 3 to give the triazolo-pyrimidine derivatives 20 and 21 bearing ethyl or sulfaquinoxaline moiety, respectively (Scheme 2).
The structures of the target compounds were proved by elemental and spectral data and were in consistency with assigned structures as presented in details in the experimental section. 
Carbonic anhydrase inhibition
The synthesised compounds were tested against the cytosolic hCA I, II the transmembrane IV and the tumour-associated membrane bound hCAIX by a stopped-flow CO 2 hydrase assay in comparison to acetazolamide (AAZ) as standard CAI 31 . The results presented in Table 1 allowed to depict the following SAR.
The cytosolic hCA I was moderately inhibited by all the tested compounds with inhibition constant (K I ) ranging from 604.8 to 9938.3 nM. The most active compounds were the triazolo-pyridine derivatives 13, 16 and 17 (789.7, 604.8 and 682.6 nM, respectively).
The physiologically dominant isoform hCA II was moderately inhibited by all the synthesised compounds with different extents having inhibitory constants in the range of 16.7-6836.6 nM The 4-(5-amino-4-cyano-1H-1,2,3-triazol-1-yl)benzenesulfonamide 3 showed the best activity (16.7 nM), very close to that of acetazolamide (12 nM). Moreover, a good activity was observed for the triazolopyridine 17 (56.8 nM).
A relatively poor affinity for the tested compounds was observed against hCA IV, with their inhibitory constant spanning between 116.8 and 5030.30 nM, whereas compounds 2 and 8 showed no activity.
The tumour-associated hCA IX was the most significantly inhibited by the tested compounds which showed inhibitory constants ranging from 35.1 to 3809.6 nM. The most active compounds were the triazolo-pyridine derivatives 14, 16 and 17 (46.4, 42.6 and 35.1 nM, respectively).
Hence, p-substitution on benzenesulfonamide with triazolopyridine moiety was the most successful towards CA inhibition. Introduction of aryl group to position 5 of triazolo-pyridine led to high affinity towards hCA IX, whereas p-substitution on 5-aryl group increased activity especially for the N-dimethyl derivative 17, which is the most potent candidate in this study.
In vitro anti-proliferative activity
A subset of ten triazolo-benzenesulfonamides (3, 5, 6, 7, 9, 11, 16-18, and 20) were selected and subjected to an in vitro antiproliferative screening against a panel of 57 cancer cell lines at NCI at an initial high dose (10 mM). The human cell lines used were derived from nine cancer types: leukaemia, lung, colon, CNS, melanoma, ovarian, renal, prostate and breast cancers. The mean percentages growth inhibition (GI%) of the tested compounds are shown in Table 2 .
The tested compounds showed fair anti-proliferative activity over the different cell lines. They inhibited cell growth by different extents and their sensitivity varies as presented in the (20.9%) on CCRF-CEM leukaemia cell line. An exceptional activity was observed for compound 5 on HS 578 T breast cancer cell line showing GI% of 99.8%.
Conclusions
The present work describes the design and synthesis of novel series of 1.2.3-triazolo benzensulfonamide derivatives according to the general pharmacophoric requirements of the tumour-associated hCA IX. The synthesised compounds were tested in vitro against four human carbonic anhydrase isozymes (hCA I, hCA II, hCA IV and hCA IX). hCA IX was the most sensitive isozyme towards the tested compounds, with the most active inhibitors being the triazolo-pyridine benzenesulfonamides 14, 16, and 17. In addition, they showed fair anti-proliferative activity against a panel of 57 human tumour cell lines. These results present a novel group of selective hCA IX inhibitors having triazolo-pyridine benzensulfonamide moiety. Future work will focus on varying hydrophobic substitutions on the pyridine ring to enhance selectivity.
